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(54) [Title of the Invention] METAL WIRING STRUCTURE 

(57) I ABSTRACT] 

[OBJECT] An object of the present Invention is to provide 
a metal wiring structure for setftlaonductor devices , including 
Cu wiring lines and Al wiring lines and capable of preventing 
the diffusion of Cu of the Cu wiring lines into the Al wiring 
lines contiguous with the Cu wiring lines. 

[ CONSTITUTION ] A metal wiring structure for a semi- 
conductor device , including a first wiring line 41 of Cu and 
a second wiring line 51 of Al contiguous with the first wiring 
line 41 > wherein a barrier layer 43b is formed between the first 
wiring line 41 and the second wiring line 51. 

(CLAIMS] 

(Claim 1] A metal wiring structure for a semiconductor 
device, said metal wiring structure comprising: a first wiring 
line of copper or a copper alloy; and a second wiring line of 
aluminum or an aluminum alloy, wherein a conductive barrier 
layer capable of preventing the diffusion of copper is formed 
between the first and the second wiring line. 

[Claim 2] The metal wiring structure according to claim 
1, Wherein the conductive barrier layer is made of a metal of 
the VIII group or a compound containing a metal of the VIII group • 

(DESCRIPTION OF THE INVENTION] 
[00011 
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[Field of Utilization in Industry] THe present invention 
relates to a metal wiring structure for a semiconductor device. 
10002] 

[Description of the Related Art] The complexity of 
integration o£ semiconductor devices has advanced from LSI to 
Vt-SI and to ULSI in recent years and the reduction of the width 
of wiring lines and, accordingly r the diameter of contact boles 
has progressively advanced. 

[0003] Technical research and development activities 
have been made to cope with such a trend in the field of 
semiconductor devices. Techniques using Cu or Cu alloys for 
forming wiring lines of semiconductor devices are disclosed in, 
for example, JP-A No - 2-119140 - While on the one hand Cu wiring 
lines, as compared with Al wiring lines, are resistant to 
deterioration and breakage, Cu wiring lines are difficult to 
he formed in small sizes and need a high processing cost. 
Therefore, in the semiconductor device , only wiring lines the 
reliability of which is important ere made of Cu, and the rest 
of the wiring lines are made of Al. 

[0004] For example, Cu 1$ deposited only in via holes 
for interconnecting wiring lines of a multilevel structure and 
In contact holes for the interconnection of wiring lines and 
circuit elements or only power lines are made of Cu. 

[0005] 

[Problem to be Solved by the Invention] A bonding 
interface lies inevitably between the Cu wiring line and the 
Al wiring line connected to the Cu wiring line. 
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[0006] In soma cases, cu forming the Cu wiring line Is 
caused to diffuse through the bonding Interface Into the Al 
wiring line by external heat or Joule heat evolved when current 
flows through the wiring lines . Consequently r the wiring lines 
are electrically interconnected unsatisfactorily through the 
bonding interface, the resistance of the joint increases and 
the physical strength of the wiring lines decreases , which 
affects adversely to the reliability of the wiring lines. 

[0007] Accordingly, It is an object of the present 
Invention to provide a metal wiring structure capable of solving 
the foregoing problems, 

[0008] 

[Means for Solving the Problem] 

To solve the problem, the present invention provides a 
wiring structure for a semiconductor device, including a first 
wiring line of copper or a copper alloy, and a second wiring 
line of aluminum or an aluminum alloy; wherein a conductive 
harrier layer capable of preventing the diffusion of copper is 
formed between the first and the second wiring line. 

[0009] Desirabiy, the conductive barrier layer is made 
of a metal of the VI II group or a compound containing a metal 
of the VIII group. 

[0010] 

[Function J The Al wiring line and the Cu wiring line are 
interconnected through the barrier layer such that Cu or the 
Cu alloy is not in direct contact with Al or the Al alloy. 
Therefore. Cu or the cu alloy, and Al or the Al alloy do not 
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interact, and hence Cu contained In tlie Cu wiring line never 
diffuses Into the Al wiring line. 
[0011] 

[Preferred Embodiments] Preferred embodiments of the 
present invention will be described with reference to the 
accompanying drawings , in which the same parts are denoted toy 
the same reference characters, respectively, and the duplicate 
description thereof will be avoided. 

[00X2] A semiconductor device related with the present 
invention will be described with reference to Fig • l * Referring 
to Pig. 1 showing the semiconductor device related with the 
present invention, a first insulating film 20 of B±O z is formed 
on a p-type Si substrate 10 having n + -type regions 11 and 12 . 
A polysilioon gate 23 is formed in the first Insulating film 
20 in a region above a channel region between the n*-type regions 
11 and 12* Contact plugs 21 and 22 of aa Al alloy having a 
diameter of 0.9 ixm are formed on the n*-type regions 11 and 12. 
The contact plugs 21 and 22 are formed by filling up contact 
holes formed in the first insulating film 20. 

[0013] Metal wiring lines 31 and 32 of 1 pm In thickness 
are formed on the first insulating film 20. She metal wiring 
line 31 is made of an Al alloy and is connected electrically 
to the n*-type region 11 by the 0.5 (im diameter contact plug 
21. The metal wiring line 32 has an Al alloy part 32a and a 
Cu part 32b. A Pd film 32o of 0.1 pm in thickness ie formed 
between the Al alloy part 32a and the Cu part 32b and between 
the Cu part 32b and a second insulating film 30. The Al alloy 
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part 32a is connected electrically to the n*-type region 12 by 
the 0.5 pin oiameter contact plug 22. 

[0014] The second insulating film 30 of Si0 2 is formed 
on the first insulating film 20 on which the metal wiring lines 
31 and 32 are formed. Metal wiring lines 41 and 42 of 1 pm in 
thickness made of an Al alloy are f omed on the second insulating 
film 30. The metal wiring line 41 is connected electrically 
to the metal wiring line 31 by a 0.5 p diameter via plug 33. 
The metal wiring line 42 is connected electrically to the metal 
wiring line 32 by a 0.5 m diameter via plug 34. The via plugs 
33 and 34 are formed in via holes formed in the second insulating 
film 30* The via plug 33 is made of an Al alloy and the via 
plug 34 is made of Cu. A Pd film 34a of 0.1 (iia An thickness 
serving as a barrier layer is formed between the via plug 34 
and the insulating film 30 and between the via plug 34 and the 
metal wiring line 42. 

[0015] A third insulating film 40 of S±O z is formed on 
the second insulating film 30 on which the metal wiring lines 
41 and 42 are formed. Metal wiring lines 51 and 52 of 1 \im in 
thickness are formed on the third insulating film 40. 

[0016] The metal wiring line 51 is made of Cu. A Pd film 
51a of 0.1 |im in thickness is formed between the metal wiring 
line 51 and a protective film 50 . The metal wiring line 51 is 
connected electrically to the metal wiring line 41 by a 0.5 yan 
diameter via plug 43 of Cu. A Pa film 43b of 0. 1 jnn in thickness 
is formed between the via plug 43 and the insulating £ilm 40 
and between the via plug 43 and the metal wiring line 41. 
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[0017] The metal wiring line 52 has an Al alloy part 52a 
andl a Cu part 52b. A Pa film 52o of 0 » 1 (jm in thickness serving 
as a barrier film Is formed between the Cu part 52b and the 
protective film 50 ana between the Cu part 52b and the Al alloy 
part 52a, The Al alloy part 52a of the metal wiring Una 52 
is connected electrically to the metal wiring line 42 by a 0.5 
(im diameter via ping 44 . The via plug 44 Is made of an Al alloy. 

[0018] It goes without saying that the via plugs 43 and 
44 are formed In via holes formed In the third insulating film 
40. 

[0019] The third insulating film 40 on which the metal 
wiring lines 51 and 52 are formed is covered with the protective 
film 50. 

[0020] The Al alloy is produced by adding 1% by weight 
SI and 0.5% by weight Cu to Al. Cu Is added to Al to enhance 
the resistance of Al. 

[0021] When the barrier layer is thus formed between the 
Al alloy wiring line and the Cu wiring line, the Al alloy wiring 
Una and the Cu wiring line are not in direct contact with each 
other. Therefore, the barrier layer prevents the diffusion of 
Cu into the Al alloy wiring line attributable to heat evolved 
during the operation of the semiconductor device. The barrier 
layer formed between the Cu wiring line and the Insulating film 
prevents the diffusion of Cu into the insulating film, 

[0022] interaction between the Al wiring lino ana the 
Co wiring line proceeds with time if the semiconductor device 
is not provided with the barrier layers and, in some cases. 
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varlous reaction layers, such as layers of Cu 2 Al, CuAl, cuAla 
and CuSi, are formed. Those reaction layers cause troubles In 
the semiconductor device and in semiconductor device fab- 
ricating processes. When the substrate is exposed to heat of 
high temperatures when the insulating film is deposited, the 
Al wiring line and the Cu wiring line interact to form the 
reaction layer unless the barrier layer is formed between the 
Al wiring layer and the Cu wiring layer. 

[0023] The resistivity of the reaction layer is high as 
compared with that of the metal wiring line. Therefore, the 
reaction layer causes a large voltage loss and generates much 
Joule heat, consequently, the wiring line is locally heated 
at a high temperature , electromigration and stress migration 
are accelerated and the wiring line is deteriorated and broken. 
The reaction layer has a low mechanical strength, is easily 
breakable and has an expansion coefficient greatly different 
from those of the adjacent wiring lines* Consequently, the 
bonding interface between the Cu wiring line and the Al wiring 
line is deteriorated during the fabrication of the semi- 
conductor device. 

[0024] The present invention can inhibit the formation 
of the reaction layer by the barrier layer and can prevent the 
deterioration and breakage of the wiring lines. 

[002SJ The barrier layer needs to be formed at least 
between the Al wiring line and the Cu wiring line and the material 
forming the barrier layer may spread in regions outside the 
wiring lines* 
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[0026] The barrier layer may be formed of a material, 
such as metal r a nonmetal or a metal compound, other than Pd 
employed in the preferred embodiment, provided that the 
material is capable of preventing interaction between the Al 
wiring line and the Cu wiring line in hot atmospheres in which 
the semiconductor device la fabricated and used. Possible 
materials for forming the barrier layer are metals having a high 
melting point, such as Nb, Mo, Ta, W r Re and Rf ■ representative 
transition metals, such as V, Cr, Mh # F3, Co and Ni, metals of 
the VIII group, such aspa, pt , Ru and Rh, metals of the IB group, 
such as Ag and Au, nitrides, such as TIN, borides, such as TlB a , 
ZrB 2 and LaB 6 , silicon compounds, such as WSi 3 , MoSi 2 and Cr 3 Si, 
carbides, such as TIC and 2rC f and compounds including TiW, 
Bi 2 Te 2 , Bi^cCx* Metals of the VIII group, such as Pd, Pt. Ru and 
Rh, and compounds of those metals, such as PtsB, PtB, Pd 3 Si, 
PdSi, PdaSi. PdP 3 , PdjP, PtsAl, PtsAl 3 and PtaAlz are excellent 
materials* Metals of the VI 1 1 group or compounds of those 
metals are stable. Metals of the VIII group having a large 
atomic weight are capable of controlling the diffusion of Cu. 

[ 0027 ] The semiconductor device related with the present 
invention has the following advantages. 

[0028] Generally, Al and Al alloys are used for forming 
the internal wiring lines of the current semiconductor devices . 
Recent advancement of the complexity of integration of 
semiconductor devices has brought about serious troubles , such 
as the deterioration and breakage of wiring lines due to stress 
migration resulting from stress Induced in the wiring lines due 
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to the difference in properties between the wiring lines ana 
insulating films and such overlying or underlying the wiring 
lines or the deterioration and breakage of wiring lines due to 
electromigration caused by currents flowing through the wiring 
lines. 

[0029] In the semiconductor device according to the 
present invention, the internal wiring lines and contact plugs 
the high reliability o£ which is particularly important are made 
of cu. Therefore, the wiring llhes and the contact plugs are 
resistant to the foregoing troubles . Since the resistivity of 
Cu is lower than that of ax, an increase in the temperature of 
the Cu wiring line due to Joule heat is small and propagation 
delay is short* since the melting point of Cu is higher than 
that of Al, the Cu wiring line has a high strength at elevated 
temperatures. Since the atomic weight of Cu is greater than 
that of Al, the Cu wiring line is resistant to electromigration 
and stress migration. There is not any particular restriction 
on the process of forming the metal wiring line In this 
embodiment . The wiring line can be formed by a physical vapor 
deposition process (PVD process) , such as a sputtering 
deposition process , a resistance heating deposition process or 
an electron beam deposition process, a chemical deposition 
process (CVD process) or a liquid-phase plating process. The 
effects of the present invention are particularly effective 
when the wiring line is foxraed by a CVD px-ooess, because the 
CVD process uses heat of a temperature not lower several 
hundreds degrees centigrade. 
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[0O30] There is not any particular restriction on the 
process of forming the barrier film. The barrier film, 
similarly to a metal film for forming the metal wiring line, 
can he formed by a PVD process, such as a sputtering deposition 
process, a resistance heating deposition process or an electron 
beam deposition process , a CVD process or a liquid-phase plating 
process . 

10031] 

[Effect of the Invention] As apparent from the foregoing 
description, according to the present invention, since a 
barrier layer is interposed between an Al or Al alloy wiring 
line and a Cu or Cu alloy wiring line. Al contained in the Al 
or Al alloy wiring line and Cu contained in the Cu or Cu alloy 
wiring line do not interact directly. Thus the diffusion of 
Cu Into the Al alloy can be prevented, electromigration and 
stress migration can be controlled and the mechanical strength 
of wiring lines is not reduced. Consequently, the dete^ 
rioratlon and breakage of wiring lines can be prevented and the 
high reliability of metal wiring lines can be ensured. Thus 
a semiconductor device provided with the wiring line structure 
conforming to the present invention has an extended life and 
improved reliability. 

I BRIEF DESCRIPTION OP SUE DRAWINGS] 

[Pig. 1] A typical sectional view of a semiconductor 
device related with thB present invention. 
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[ REFERENCE CHARACTERS] 

10 ~ . . SI substrate, 20, 30, 40 . • • Insulating films r 22, 23 . . . 
contact pings, 31, 32, 41, 42, 51, 52 . . . Metal wiring lines. 
33 , 34 , 43, 44 via plugs 
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[AMENDMENT] 

[DATS Of FILING] Feb. 2, 2000 
[AMENDMENT I] 

[DOCUMENT TO BE AMENDED] Specification 
[ITEMS TO BE AMENDED] Claims 
[METHOD OF AMENDMENT] Correction 
[CONTENTS OF AMENDMENT] 
I CLAIMS] 

[Claim 1] A metal wiring structure for a semiconductor 
device r said metal wiring structure comprising* a first wiring 
line of copper or a copper alloy; and a second wiring line of 
aluminum or an aluminum alloy, wherein a conductive barrier 
layer capable of preventing tlie diffusion of copper is formed 
between the first and the second wiring line. 

[Claim 2] The metal wiring structure according to claim 
1. wherein the conductive barrier layer is made of a metal of 
the VIII group or a compound containing a metal of the VIII group . 

[Claim 31 The metal wiring structure according to claim 
1 or 2, wherein the first wiring line is formed In a via hole 
to Interconnect wiring lines of a multilevel structure* 

[Claim 4] The metal wiring structure according to claim 
1 or 2, wherein the first and the second wiring line are formed 
on one and the same Insulating film. 

[AMENDMENT 2] 

[DOCUMENT TO BE AMENDED ] Specification 
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[ITEMS TO BE AMENDED] Paragraph (0009] 
[METHOD OF AMENDMENT] Change 
[CONTENTS OF AMENDMENT] 

[0009] Desirably, the conductive barrier layer is made 
of a metal of the VI II group or a compound conta in i n g a metal 
of the VIII group* the first wiring layer may be line formed 
in a via hole to interconnect wiring lines of a multilevel 
structure. The first and the second wiring line may be formed 
on one and the same insulating film. 
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